Abstract AIDS-related lymphoma (ARL) development is associated to immunodeficiency state with proliferation of B-cells driven by HIV itself and EBV infection. However, Epstein-Barr DNA is not detected in malignant cells of all ARL subtypes. A prospective and controlled study to analyze EBV viral load (VL) in plasma and peripheral blood mononuclear cells (PBMC) of ARL patients was performed to analyze if Epstein-Barr VL could be related to response in these patients. Fifteen patients with ARL were included in this study with measurement of EBV VL at three different periods of time: at lymphoma diagnosis, upon completion of chemotherapy, and 3 months after. Two control groups composed by HIV-negative and HIVpositive patients were also evaluated for EBV VL comparison. In situ hybridization for EBER was performed on diagnostic samples of all ARL patients. Median EBV VL in PBMC and plasma had a significant decrease (p = 0.022 and p = 0.003, respectively) after ARL treatment. EBER was positive in 7 (46.7 %) cases. Median EBV VL in PBMC before lymphoma treatment in patients positive for EBER was significantly higher compared to EBER negative cases (p = 0.041). Reduction of EBV viral load during treatment of lymphoma could be predictive of response. EBER expression was associated to advanced stages of disease and worse immune status. Our study suggests that measurement of EBV VL during ARL treatment could be used as a marker for response, but further studies are needed to validate this association.
(ARL) are diffuse large B cell lymphomas (DLBCL) and Burkitt lymphomas (BL). After introduction of highly active antiretroviral therapy (HAART) the incidence of ARL seems to be decreased mainly for primary central nervous system lymphoma (PCNSL). However, ARL remains the main cause of death related to AIDS in adults infected with HIV. Adverse prognostic factors for ARL included a CD4? count less than 100 cells/lL, poor performance status, previous AIDS diagnosis and high risk in international prognostic index (IPI) [2] . The pathogenesis of ARL is associated to many factors including a continuous stimulation of B-cells by other viruses as EpsteinBarr virus (EBV) and human herpes virus type 8 with a poor immune status. EBV infection has been described in 40-90 % of ARL. The role of the EBV in pathogenesis and prognosis in ARL remains unclear [3] . EBV is not always found in the malignant cells but in cases of PCNSL and primary effusion lymphomas [4] . EBV viral load and EBV encoded small RNA (EBER) expression has been studied as prognostic factors in ARL with contradictory results [5, 6] . In order to analyze the impact of EBV viral load in serum and peripheral blood mononuclear cells (PBMC), EBER expression in ARL patients we performed a prospective and controlled study. 2 D1-D5) for 6-8 cycles. Central nervous system prophylaxis was performed for all cases using four intrathecal injection of cytarabine 50 mg plus dexamethasone 2 mg weekly in the first 4 weeks of treatment. In case of a cerebrospinal fluid involvement, intrathecal chemotherapy was administered twice-weekly, until total disappearance of the malignant cells. Granulocyte colony stimulating factor at dose of the 300 lg/day was indicated for all patients from day 5 of the chemotherapy cycle until the neutrophil counts exceeded 1.5 9 10 9 /L. All patients received prophylaxis for Pneumocystis carinii and HAART was used for all patients. Zidovudine use was avoided due to hematological toxicity. The response to lymphoma treatment was assessed after cycles 4, 6 and 8 and was classified as complete response (CR), partial response, unconfirmed CR (CRu) or progressive disease (PD) according to International Workshop criteria [7] . Patients with PD or relapsed disease (RD) were treated with the salvage chemotherapy regimen ICE (ifosfamide, carboplatin, etoposide). Peripheral venous blood was harvested for EBV viral load measure at lymphoma diagnosis, after completion of chemotherapy, and 3 months afterwards.
Two control groups composed by 26 HIV-positive patients without opportunistic infections and 30 HIV-negative individuals were also evaluated for EBV VL in PBMC and serum for comparison. Biopsy samples of lymphoma diagnosis were evaluated by situ hybridization for EBER analysis. This study was approved and informed consent was provided, according to the Brazilian Research Ethical Committee. Paraffin sections of tumor were processed for in situ hybridization using the EBER-PNA probe from DakoCytomation according to the manufacturer's instructions. Real-time polymerase chain reaction for EBV was performed using DNA extracted from 200 lL from serum and from PBMC that were obtained from whole blood before stored at -20°C. For EBV viral load analysis the QIAamp DNA blood reactive from Qiagen was used. The detection value for EBV VL in serum was 68 copies/mL. Table 1 , 13/15 (86.7 %) patients were male, with median age of 43 years (28-66 years). Risk factors for HIV infection included sexual contact was seen in 14/15 (93.3 %) and intravenous drug addict in 1/15 (6.7 %). DLBCL was found in 10/15 (66.7 %), BL in 4/15 (26.7 %) and PCNSL in 1/15 (6.7 %). Eleven (78.6 %) patients presented stage III or IV at diagnosis and the IPI score of high-intermediate and high-risk was observed in 7/15 (46.7 %) patients. Median CD4 T-cell count at diagnosis was 215 cells/lL (43-930) and 6/15 (40 %) patients showed HIV viral load above the cut-off point (50 copies/mL). Fourteen (93.3 %) patients were treated with CHOP and the patient with PCNSL received only radiotherapy. This patient acquired CR but died few months later. Nine (64.3 %) patients received full dose of CHOP and acquired CR. Five of nine patients (55 %) died later, two in relapsed disease. Other 2/15 patients died during chemotherapy and 2/15 presented PD and died, one of them after salvage chemotherapy. One patient abandoned treatment after the first cycle of chemotherapy and died later. All patients but one with relapsed disease died of sepsis. Four patients started HAART at the time of lymphoma diagnosis. Two patients received two nucleosides reverse transcriptase inhibitor (NRTI) plus one PI and two were treated with two NRTI plus 1 non-nucleoside reverse transcriptase inhibitor (NNRTI). Ten patients had been currently receiving HAART; four were using two NRTI plus one PI, and six patients two NRTI plus one NNRTI. One patient did not use HAART, although prescribed before lymphoma diagnosis and the use of two NRTI plus one PI was initiated. There were no differences between the type of antiretroviral used and EBV viral load. EBV viral load in PBMCs and serum was performed for all patients at diagnosis, in 10/15 (66.6 %) patients after treatment and in four patients 3 months afterwards. Median EBV viral load before treatment was 1.3 copies/10 6 cells (0.1-147.2) in PBMC and were 40 copies/mL (0-24,900) in serum. During treatment the EBV viral load decrease to 0.05 copies/10 6 cells (0-10.9) in serum and was undetectable in PBMC. EBV viral load was significantly reduced after the last cycle of chemotherapy in comparison to diagnosis (p = 0.022 and p = 0.003, serum and PBMC, respectively). The EBV viral load remained not detectable or in low levels in PBMC and serum of patients with CR. Overall survival at 12 months of follow-up was 21.4 % (Fig. 1) . No significant correlation was found between EBV viral load in PBMC or serum with CD4 T-cell counts and HIV viral load at diagnosis of lymphoma (r = 0.166 p = 0.554).In the control groups, EBV viral load in serum was not detectable (HIV-negative) and was lower in HIV-positive than in ARL patients (p \ 0.01). The median of EBV viral load in PBMC in HIV-positive and HIV-negative control groups was 0.1 copy/10 6 PBMC (0-1.25) and undetectable, respectively. EBV viral load (PBMC) in ARL patients at diagnosis was higher than in HIV positive and HIV-negative control groups (p = 0.002 and p \ 0.001, respectively). EBER was positive in 7/15 (46.7 %) of ARL in cases with more than 1 extranodal site (p = 0.041) and T CD4 counts less than 100 cells/lL (p = 0.026). Median EBV viral load in PBMC before treatment among patients with positive EBER expression was significantly higher compared to those with negative expression (p = 0.041). This study suggests that higher levels of EBV viral load could be associated with more aggressive lymphoma and poor immune status (measured by absolute counts of T-CD4 lymphocytes). There was a significant correlation between EBV load in PBMC and EBER expression in tumor cells. The real significance of EBV VL in the setting of the ARL still remains unclear. There aren't studies providing relevant evidence of EBV sequences inserted in tumor cells. Usually patients included have different status of HIV infection and do not account the adherence to antiretroviral therapy neither the type of immune reconstitution [8] . The type of EBV infection latency in ARL patients has not been elucidated. EBV viral load does not seem to be predictive for ARL development, but some studies suggest it may be related to lymphoma treatment outcomes. Fan et al., detected EBV viral load in 74 % cases of 35 ARLs patients. EBV VL wasfound in the serum of all patients whose samples were positive for EBER (n = 17). In agreement with our study these authors demonstrated that EBV viral load decrease at completion of lymphoma therapy [9] . Bonnet et al., measured EBV viral load in whole blood of 14 ARL patients, 19 HIV non-AIDS patients and 20 HIV seronegative patients, with significant difference in patients with ARL compared to HIV-negative patients. Patients with ARL achieving CR had significant decrease in EBV VL [10] .These data suggests that the decrease of EBV viral load during treatment of ARL could be related to response. EBER expression was present in 7/15 (46.5 %) of ARL patients and related to extranodal disease and CD4 T-cell count less than 100 cells/lL. These data indicates that EBER expression might be associated with more advanced disease and with severe immunodeficiency. Studies in patients with lymphoma without HIV infection have also correlated EBER expression with more advanced disease, similar to our results [11, 12] . In conclusion, our study suggests that measurement of EBV VL during ARL treatment could be a predictive factor for response, although further studies with a higher number of patients are needed to validate this association.
